Abstract. The impact of non-native plant invasions on ecosystems has been controversial because obvious local effects have not yet led to the global extinction of any native plant species on continents and large islands. We suggest that extinction is not the appropriate measure of impact on ecosystem function and present evidence that non-native plant invasions or the replacement of native plants with non-native ornamentals results in significant bottom-up reductions of energy available for local food webs. Using replicated common gardens we compared Lepidoptera species richness and abundance on native plants, non-native congeners of those natives, and non-native species with no close relatives in the study area. Non-native plants supported significantly fewer caterpillars of significantly fewer specialist and generalist species even when the non-natives were close relatives of native host plants. However, the effect size was smaller in the latter category indicating phylogenetic similarity to local natives may positively impact herbivory. Cluster analysis revealed that a non-native plant congener often supports a lepidopteran community that is a subset of the similar, but more diverse community found on its native congener. The proportion of the Lepidoptera community consisting of specialist species was about five times larger across native species within sites compared to non-native plant species. In addition, species accumulation trajectories suggested that in a fully sampled community the differences between the Lepidoptera supported by native and non-native plants may be even greater than presented here.
INTRODUCTION
Non-native plant genotypes (those that evolved outside of local food webs) have replaced native plant communities to a greater or lesser extent in every North American biome, as well as in anthropogenic landscapes where they have been planted by the millions as ornamentals (Williamson 1996, Qian and Ricklefs 2006) . Although it has been shown that the largescale addition of non-native plants to ecosystems can alter soil moisture, pH, biota, and nutrients; and increase fire frequency and plant competition (Tyser and Worley 1992 , Randall 1996 , Duncan 1997 , Wilcove et al. 1998 , Gould and Gorchov 2000 , Mack et al. 2000 , Brooks et al. 2004 , Butler and Cogan 2004 and many more), the ecological impacts of and our response to non-native plants has become increasingly controversial.
One of the sources of this controversy comes from defining ''impact'' in terms of native plant extinctions (Slobodkin 2001 , Sax and Gaines 2008 , Davis 2009 ) rather than the disruption of ecological services delivered by native plant communities (Tallamy 2004) . Davis (2009) , for example, argues that the negative effects of nonnative plant invasions have been overstated because non-native plant invasions on continents and large islands like New Zealand have not yet directly caused the extinction of any native plant species. Instead, their addition to local plant communities without the concomitant loss of native species has created more rather than less diversity. Such reasoning, however, ignores the most fundamental contribution of plants to ecosystem function, the generation of food. If species diversity is to be the currency by which we measure the impacts of non-native genotypes, then we suggest diversity should be compared across all trophic levels in invaded and uninvaded communities. This will determine whether non-native plants are the ecological equivalents of the native plants they displace in terms of trophic support of food webs.
Perhaps the best way to identify changes in food web complexity is to examine how the largest taxon of primary consumers, insect herbivores, respond to plants that evolved outside of their food webs. Plant-insect interaction theory predicts that insect herbivores should be the guild most sensitive to the replacement of native plants with non-native plant genotypes (Tallamy 2004) . Most species are specialists that use only a few of the myriad plant lineages available to them for growth and reproduction (Bernays and Graham 1988, Novotny et al. 2006) . A small percentage is more generalized in their use of host plants, and despite their low diversity can be far more common than specialists (Futuyma and Gould 1979) . However, even the most generalized insect herbivores use only a small fraction of the plants in their environments (Tallamy and Shropshire 2009) . Moreover, many generalists are far more specialized locally than their geographic host breadth indicates (Fox and Morrow 1981 , Scriber 1983 , Tallamy et al. 2010 .
Specialists have followed an evolutionary path that has enabled them to circumvent particular plant defenses by developing highly specific behavioral and physiological adaptations that defuse such defenses. Thus, specialists are predicted (Ehrlich and Raven 1964) and have been repeatedly shown (e.g., Berenbaum 1990 , Farrell and Mitter 1990 to be restricted to plant lineages that deploy the class of defensive compounds on which they have specialized. If non-native plants bearing novel defenses replace plant species to which specialists are adapted, specialists are predicted to be unable to adjust in ecological time and thus will be eliminated from the invaded community.
By this reasoning, however, if non-native plants use chemical defenses that are similar to those of a native plant, they may be acceptable food plants for adapted local specialists (Tallamy 2004) . Because many members of a single plant lineage typically share chemical defenses based on a common compound (Berenbaum 1990 ), a non-native plant is most likely to share the chemical defense of a native species if it is closely related to that species. Thus, we predict that nonnative introductions should be less detrimental to local food webs when the non-native is a member of one or more local native lineages. Conversely, when a non-native plant is not closely related to any local plant lineage, it is unlikely that local specialists will be able to use it for growth or reproduction.
Here we use common garden protocol to compare the species richness and abundance of specialist and generalist Lepidoptera on 1) common native woody plants, 2) non-native congeners of these plants (congeneric comparisons), and 3) non-native species that are unrelated to any local plants (non-congeneric comparisons). We predict that if insect abundance is not altered when non-natives replace natives, it will be due to the ability of generalists to use non-native plants for growth and reproduction.
METHODS
Both congeneric and non-congeneric comparisons were replicated using randomized complete block protocol in four common gardens that were established in 2006 and 2007 at the University of Delaware Agricultural Experiment Station farms in Newark and Middletown, DE, at Flint Woods preserve in Centerville, DE, and at Tyler Arboretum in Media, PA. Each garden was planted within 25 m of a mature woodlot that contained most or all of the native species within the v www.esajournals.org treatments. To ensure independence with respect to colonizing insect populations, each garden was geographically isolated from all other gardens in our study by at least 20 km. Our gardens were designed to control for the scale of the planting, fertilization and watering regimen, as well as the size, architecture, habit, exposure, and spacing of the plants examined. Such variables typically make comparisons within areas in which non-native plants have become naturalized difficult. To help compensate for the small size of each plant at the beginning of the experiment, we planted eight individuals of each species in two distinct groupings separated by one meter, each grouping consisting of four plants.
Lepidoptera were sampled only in their larval stages twice in 2008 (June and August) and three times in 2009 (June, July and August). We did not sample adults because many nocturnal species take cover during the day in any available foliage, regardless of its relationship to acceptable larval hosts. In 2008 we sampled larvae in two ways: first, we vacuumed insects from plant foliage using a reverse leaf-blower (Craftsman gasoline blow/vac, Item 7179469) fitted with a five-gallon paint strainer bag (Brook et al. 2008) . We then meticulously searched targeted leaves and stems for any larvae that had not been removed by the leaf-blower (Wagner 2005) . All leaves sampled were counted and the data were expressed per dry leaf gram sampled. Larvae were stored in 80% ethanol for later identification. In 2009 we employed only the total search method as it proved to be the most reliable approach for Lepidoptera larva. Using mean leaf mass for each plant species (dry weight average of 100 leaves per species) we estimated total leaf counts of sampled vegetation before sampling, enabling exact matching of sampled leaf mass between each congeneric and non-congeneric comparison. This allowed us to examine differences in species accumulation curves between treatments since sampling effort was equal.
Each larva was identified to species by chaetotaxy (Stehr 1987) , images (Wagner 2005) , specialist texts, rearing, and, when necessary, DNA bar-coding through the Biodiversity Institute of Ontario (Ratnasingham and Hebert 2007) . Host plant specialization was determined for each species in two ways. First, we conducted an exhaustive literature search of host records for each Lepidoptera species collected (Tallamy and Shropshire 2009) . Following Bernays and Graham (1988) , species recorded in the literature on three or fewer plant families were considered specialists, while species recorded on more than three plant families were labeled generalists. In a second approach we used actual host use in our study to define local specialization (Futuyma and Gould 1979) . One advantage of this approach is that individuals from lepidopteran groups with unresolved or nonexistent host-use records were able to be classified. We again defined specialists as species found on three or fewer plant families during the course of the study.
Congeneric comparisons
Lepidoptera specialist and generalist richness and abundance were quantified in 2008 and 2009 on one native and one non-native species representative of 13 woody plant genera representing 11 plant families (Table 1) . The genera and species compared were selected because they were native and non-native congeners that were abundant in the study area. For example, the genus Acer was selected because native Acer species (maples) and non-native Norway maple are common and widespread at the study sites. Acer rubrum (red maple) was selected over other native species as the native representative of this genus because it is the most abundant and widespread native maple in the area. Both the native and non-native representatives of each genus were planted within two meters of each other. As the plants grew, the branches of the native and non-native species often intermingled. Thus, if a moth or butterfly was attracted to oviposit on one member of the congener, it had the opportunity to oviposit on the other member of the genus. All congeners on a site were sampled in a single day, alternating whether the native or non-native individual was sampled first. Both members of a pair were sampled by the same researcher to control for differences in search method. In 2008 leaves were counted after sampling so inter-sample matching was not possible, but Lepidoptera counts were standardized by dividing by leaf gram sampled. In 2009, a goal of 500 g of leaves per species per sampling date was set. If not enough leaves to reach that goal were present on one of the species sampled v www.esajournals.org within a congeneric pair, an identical smaller mass of leaves was sampled from the other member of the pair. This method ensured that we were measuring each species pair at the same point on their species accumulation curves.
Non-congeneric comparisons
At the same common garden sites on a spatially distinct plot we compared Lepidoptera abundance, richness and community structure on 17 species of native woody plants common in northern Delaware and 17 species of non-native woody plants that are either invasive in the study area or are commonly used locally as landscape plants (Table 2) . Native species represented 15 plant families while non-natives represented 14 families. The non-native species used in this comparison had no native congeners in the study area. The spatial design of each common garden was similar to that of the congener gardens with the exception that non-natives were not physically paired with a specific native. In 2008 the sampling method was identical to the congeneric sampling method described above. In 2009 an identical mass of native and non-native leaves was sampled (alternating which treatment was sampled first) by a matching method similar to that used for the congeneric comparisons. However, plant size rather than plant genus was used to match grams of leaves sampled between native and non-native individuals. This allowed the maximum grams of leaves to be sampled at each site while keeping sampling effort equal between treatments.
Statistical analyses
In both congeneric and non-congeneric comparisons a factorial two-way ANOVA was used to test effects of plant origin, site (block), and plant origin x site on lepidopteran richness and abundance. These analyses were done using a general linear model (procedure GLM) with SAS software (version 9.2). A log 10 transform was used to conform count data to assumptions of normality and homogeneity of variance. All results are reported as back-transformed means and back-transformed 95% confidence intervals and a ¼ 0.05 was used to test for significance. To further investigate the directional relationship between congeneric plant pairs we constructed a norm of reaction for both lepidopteran abundance and richness and performed a sign test. To test differences in the degree of host specialization between native and non-native lepidopteran communities we performed a paired t test comparing the proportion of specialist species found within the native and non-native plant communities by sites (results reported as mean 6 SE).
We also used the BiodiversityR package within the statistical software R 2.10.0 (R Development Core Team 2009) to construct species accumulation curves for the 2009 data by pooling by site and plant species. We were not able to do this with the 2008 data due to unequal sampling effort between treatments. Also using BiodiversityR, we performed a divisive hierarchical cluster analysis with average linkage using Bray-Curtis ecological distance to explore caterpillar community composition across tree species (Kindt and Coe 2005) . We selected this distance since it incorporates both species and abundance. However, since Bray-Curtis similarity index gives abundant species more weight than rare ones we performed the analysis on a square-root transformed matrix of caterpillar abundances in order to not have clusters entirely based on our most abundant generalists (Magurran 2004) .
RESULTS

Congeneric comparisons
Both the abundance and species richness of Lepidoptera collected in our plots increased in 2009 over 2008 collections. In 2008, 37.00 kg of dried leaves were sampled from non-native plants and 51.02 kg were sampled from their native congeners. 303 Lepidoptera larvae were collected representing 72 species. Using lepidopteran host records, 21 species were classified as specialists and 51 as generalists. Classifying the same species by self-referencing resulted in 46 specialists and 26 generalists. In 2009 we collected 2212 larvae representing 106 species from 49.67 kg of non-native leaves and 49.77 kg of native leaves. 31 species were specialists while 62 were generalists in their host use. We were unable to categorize 13 species because of taxonomic uncertainties or poor larval host records in the literature. Self-referential host classification yielded 75 specialist species and 31 generalists (see Appendix A for species and classification information).
The two-way ANOVA revealed no significant effect of site and no significant interaction terms (See Appendix B for full ANOVA table and Species richness followed the same pattern as abundance (Fig. 1A) . There was no difference in the total number of species collected on natives and their non-native congeners in 2008 (F 1,96 ¼ 0.52, P ¼ 0.407) but more than twice as many species were found on native plants in 2009 (F 1,96 ¼ 14.27, P ¼ 0.0003). Generalist richness did not differ between natives and non-natives in 2008 (F 1,96 ¼ 0.09, P ¼ 0.7686) but there were twice as many generalists on natives in 2009 (F 1,96 ¼ 7.1, P ¼ 0.009). Specialist richness was significantly greater on natives in both 2008 (F 1,96 ¼ 9.09, P ¼ 0.0033) and 2009 (F 1,96 ¼ 13.12, P ¼ 0.0005). This was also the case when specialists were defined by host use in our plots. The performance of generalists and specialists was unaffected by whether our definition of host specialization was defined by literature host records or by actual host use in our plots (Appendix B). Values reported here are from the former method.
Although the native plant representative of our congeneric comparisons on average supported supported slightly fewer caterpillars than the non-native Ulmus. In terms of species richness, native Carpinus, Acer, and Rhododendron all supported at least three times as many species of Lepidoptera as their non-native congener, while native Betula and Tilia species supported slightly fewer species than their non-native congener. Sign tests showed significantly more slopes were positive between non-native and native congeners than would be expected randomly for both abundance (P ¼ 0.003; Fig. 2A ) and richness (P ¼ 0.022; Fig. 2B ). Within this pattern, however, there was variation in the ability of native plants of different genera to support species. For instance, there was eightfold difference in the number of species of Lepidoptera per 100 grams leaves supported by the most species poor native (Ulmus) and the most species rich native (Carpinus).
Non-congeneric comparisons
As in the congeneric comparisons, our collections in 2009 were more abundant and more diverse than our collections in 2008. In 2008, 51.85 kg of non-native leaves and 68.06 kg of native leaves were sampled, resulting in 484 individuals of 90 species (33 specialist and 57 generalist species). The self-referenced classification of host specialization resulted in 60 specialist and 28 generalist species. In 2009, we collected 2762 individuals representing 136 species from 53.03kg of non-native leaves and 52.88kg of native leaves. 51 species were specialists while 63 were generalists in their host use. We were unable to identify the specialization status of 22 species because of taxonomic uncertainties or poor literature host records. However, the selfreferenced approach classified 107 species as specialists and 29 species as generalists (see Appendix A for species and classification information).
As predicted, differences in the abundance and richness of Lepidoptera on common native woody plant species and non-native species with no close native relatives in the study area were consistently greater than the differences we observed in our congeneric comparisons (see 19, P , 0.0001). As with our congeneric comparisons, these differences were similar regardless of whether we defined host specialization and generalization by literature host records or by host use on our plots (see Appendix B for full ANOVA tables). Interaction terms were not significant for any non-congeneric comparison, but there was one significant site effect for total Lepidoptera richness in 2009 (F 3, 128 ¼ 3.18, P ¼ 0.0264).
Species accumulation curves
Species accumulation curves (Fig. 3A, B) demonstrate differences in the community structure of Lepidoptera on native plants and nonnative species with no close native relatives. Lepidoptera species accumulated on native plants with the addition of each plant species to the analysis, but new species joined the community of Lepidoptera using non-native plants very slowly as new plants were examined (Fig. 3A) . This same pattern was seen when the rate of species accumulation was examined over successive plots (Fig. 3B) . New species accumulated on native sites quickly, but for the same sampling effort Lepidoptera added very slowly to the nonnative plant community. A similar pattern was seen when comparing native plants to their nonnative congeners (Fig. 3C, D) . However, while native congeners still supported a larger and more specialized community than did nonnatives, the slope of the accumulation curve for the non-native species with close relatives was much steeper than the curve for non-native plant species without close relatives in the area. Notably, only the lepidopteran communities that colonized the non-native, non-congeneric plant species (Fig. 3A) appear to be nearing an asymptote. This suggests we did not fully sample the community during the study (Magurran 2004) . Thus, the magnitude of diversity differences recorded between native and non-native v www.esajournals.org communities is likely to widen as the community becomes sampled more completely.
Degree of host specialization
In the 2009 congeneric comparison, the proportion of specialist species was greater on the native plant community (23.9% 6 3.22) than the non-native plant community (5.1% 6 3.38, P ¼ 0.003). A similar reduction in the specialist proportion of the community was seen in the 2009 non-congeneric comparison. Within a site, 33.3% (6 4.05) of the lepidopteran community consists of specialists on native plants compared to only 4.3% (6 3.60, P ¼ 0.004) on non-native species without a close native relatives.
Cluster analysis
The dendrogram that depicts similarity between lepidopteran communities on congeneric plant pairs (Fig. 4) reveals a strong grouping of communities based on genus (divisive coefficient ¼ 0.277, mantel statistic r ¼ 0.8225, P ¼ 0.01). This pattern, while not universal, indicates that the less diverse communities found on non-native congeners tend to consist of a subset of the species found on each respective native congener. Patterns revealed by the cluster analysis of the lepidopteran communities found on plants in the non-congeneric comparison (Fig. 5) are less clear than in the congeneric comparison (divisive coefficient ¼ 0.273, mantel statistic r ¼ 0.8713, P 
DISCUSSION
Host use by insect herbivores is mediated primarily by phytochemicals; secondary metabolic compounds that impart a species-specific odor, palatability, and level of toxicity that influences the success with which various insect species can survive and reproduce on particular plant tissues (Weis and Berenbaum 1989) . The phytochemical profile of plant species that are closely related is typically more similar than the chemical profile of plants with no immediate common relatives (Harborne et al. 1999 ). This suggests that insect herbivores adapted to the chemical challenges of particular native hosts may be able to adopt a novel plant species as a host if its phytochemistry is sufficiently similar to the original hosts.
In a general sense we found this prediction to be true; Lepidoptera were able to oviposit and feed on geographically novel plant species that were congeners of native host species more often than they would use novel species that were unrelated to native hosts. Despite this trend, however, novel congeners depressed the abundance and species richness of both specialist and generalist caterpillars, particularly in 2009 when Fig. 4 . A cluster analysis using Bray-Curtis ecological distance to compare caterpillar communities across all congeneric tree comparisons. Note that close relatives (indicated by same color) tend to support similar lepidopteran communities. The dendrogram was created using divisive hierarchical analysis using average linkage on a square-root transformed dataset (divisive coefficient ¼ 0.277, mantel statistic r ¼ 0.8225, P ¼ 0.01).
v www.esajournals.org our sampling techniques were improved and plantings were older. Geographically novel congeners were acceptable hosts to less than half of the generalists and only one fourth of the specialists that we found on native congeners in 2009.
The reduction of the Lepidoptera community at our study sites was even greater when novel hosts were not close relatives of local host plants; only 30% of generalist species and 7% of specialist species used novel hosts that were not congeners of any local species. In addition, only one third as many individuals were supported by these plants, indicating that generalist abundance does not compensate for the reduction in specialist abundance. Overall, 75% of total lepidopteran species and 93% of specialist species were found exclusively on native plant species, while only 5% of lepidopteran species were found exclusively on non-native plants without close native relatives. Of the latter group, only two species were moth specialists, the barberry looper, Coryphista meadii (Packard 1874), and the Ailanthus webworm, Atteva punctella (Cramer 1781). Interestingly, both species were able to use the non-native plant in our study because they had earlier jumped from closely related native host plants to Japanese barberry (Berberis thunbergii)and tree of heaven (Ailanthus altissima), respectively, in other parts of their geographic range.
Even though our collecting techniques improved between 2008 and 2009, the large number of new species recorded in 2009 in both the congener and non-congener plantings suggests that colonization of both studies by local Lepi- v www.esajournals.org doptera was still in its early phase. It is notable that the majority of these new species were collected on native species. Of the 56 new species that were recorded in the congener study in 2009, 70% were found only on native congeners. Similarly, 80 new species were collected in the non-congener plantings in 2009, 86% of which were found only on native species.
Species accumulation curves constructed by site and species show that native plants gained new Lepidoptera species far faster than nonnatives in both studies and fail to reach an asymptote. Therefore, we predict that the ultimate differences in the ability of natives and nonnatives to support Lepidoptera are considerably greater than we were able to detect in the brief period of our study.
Cluster analysis of the lepidopteran community supported by the species within the congeneric comparison study (Fig. 4) revealed that plants within the same genus often share a similar lepidopteran fauna. In addition, reaction norms (Fig. 2B) show consistently higher lepidopteran species richness on the native plant within a congeneric plant species pair. In tandem, these two results suggest that the lepidopteran community found on the non-native plant in the congeneric pair supports a similar but depauperate community compared to its native congener.
Ultimately, the degree to which non-native plants reduce insect herbivores in ways that are detrimental to higher trophic levels will depend on 1) how much non-native plants reduce the availability of native host plants and 2) how well generalists compensate for the loss of specialists in the production of insect biomass. If non-native plants join the community without reducing the biomass or richness of native plants, the food web supported by that plant community should not be impaired. If, however, the addition of nonnative plants to the community reduces the biomass of native plant species, as has been shown in invasions by Norway maple, bush honeysuckle, Phragmites, kudzu, cheatgrass and others (Wechsler 1977 , Martin 1999 , Gould and Gorchov 2000 , Collier et al. 2002 , Gratton and Denno 2006 , Chambers et al. 2007 ), our results indicate that the production of insect biomass will be compromised. Therefore, adding nonnative plants to native plant communities might increase net plant richness at a given locality, but does not result in additive effects on lepidopteran diversity or abundance.
As predicted, the loss of abundance and richness in both the congeneric and non-congeneric comparisons was greatest in specialists, although generalists suffered as well. Thus, our results do not support the contention that generalists alone can support insectivores in higher trophic levels when native plant communities have been replaced by non-native plants.
Generalists may be far less flexible in host selection than typically assumed. Considering that most insect herbivores are capable of developing on just a tiny fraction of the plant species available to them (Bernays and Graham 1988, Novotny and Basset 2005) and that many generalists exhibit geographically specialized diets (Fox and Morrow 1981, Tallamy et al. 2010) , the potential for novel plants to decimate the abundance and diversity of insect herbivores is considerable. Any reduction in insect abundance should negatively impact insectivores such as birds that have been repeatedly shown to be food-limited (Marra et al. 1998 , Duguay et al. 2000 , Sillett et al. 2000 , Strong and Sherry 2000 .
The reduction of caterpillar abundance and richness on non-native plants with no close relatives in the study area was predicted because of the likelihood that such plants would present novel defensive compounds to local insect herbivores. However, the sensitivity of both specialists and generalists to non-native congeners of native host plants was unexpected. Although there are many notable exceptions (Graves and Shapiro 2003) , our results suggest that even minor differences in phytochemical profile can render a novel plant unavailable to many native insect herbivores.
The importance of insect herbivores in transferring energy captured by plants through photosynthesis to other trophic levels has been recognized since Elton first established the basic premises of food webs (1927). It is surprising, then that the impact of non-native plants on insect herbivores has been woefully understudied. Although our study is not the first to demonstrate differences in the response of native insects to non-native plants, it is the first community wide study of a large phytophagous taxon in which the taxonomy was sufficiently accurate to distinguish unambiguously specialv www.esajournals.org ists from generalists. Several studies have documented reduced insect herbivory (Agrawal et al. 2005 , Jogesh et al. 2008 , Cincotta et al. 2009 ), abundance (Proches et al. 2008) , and biomass (Heleno et al. 2009 ) on non-native plants. However, species-level identifications allowed us to tap into known host records and thus track changes in the community structure of Lepidoptera capable of developing on native and nonnative plants. For instance, the lepidopteran community on native plants within each site consists of about five times the proportion of specialist species found on non-native plants. Therefore, we not only show that both specialists and generalists suffer when native plant communities are replaced by non-native plants, regardless of the taxonomic distance of such plants from the plants they are replacing, but also that host specialization is reduced within nonnative communities.
If most phytophagous insect species are indeed specialists and if most specialists are unable to recognize or develop successfully on non-native plant species, the diversity of phytophagous insect communities should decline in habitats at a rate approximately proportional to the amount of native vegetation displaced by the invaders. Moreover, the species composition of such communities should shift dramatically from uncommon, species-rich specialists with strong trophic connections to more common, speciespoor generalists with weaker trophic connections. How such a loss of diversity and shift in species composition might affect the stability and productivity of ecosystems in which native plant communities have been substantially replaced by non-native plants has yet to be investigated. However, evidence from both terrestrial and marine ecosystems suggests that, though complex and system specific, reductions in diversity tend to decrease both stability and productivity at all trophic levels (reviewed by Duffy 2009). More diverse communities are thought to be more productive because higher species redundancy and more diverse species composition increase the efficiency with which resources are used and retained within the system. Low diversity at higher trophic levels encourages trophic cascades that disrupt the entire system (Schmitz et al. 2000) . Mulder et al. (1999) showed that the removal of insect herbivores has a greater effect on ecosystem productivity than a six-fold change in plant diversity. Because insect herbivores are near the hub of most terrestrial food webs, comprising essential food stuffs for an incredible diversity of insect predators and parasitoids, spiders, amphibians, lizards, rodents, bats, birds, and even higher predators such as foxes and bears, it is particularly important to understand changes wrought by non-native plants on this critical taxon (Wilson 1987 , Tallamy 2004 , Burghardt et al. 2009 ).
Our study suggests that measuring the health of invaded plant communities only in terms of the number of plant species present may be misleading. Instead, measuring the degree to which the production of ecosystem services has been compromised will tell us how well invaded systems (or systems planted with non-native ornamentals such as suburbs) are functioning. The reduction of the abundance and redundancy of both specialist and generalist Lepidoptera is the reduction of energy transfer from plants to higher trophic levels: a critically important ecosystem service. Past mass extinctions and ecological avalanches have been linked to a widespread collapse of the first trophic level (Vermeij 2004) . Thus, the local and global effects of non-native plant invasions will be anticipated accurately only if we clearly understand the degree to which non-native invaders are the ecological equivalents of the plants they replace. With this in mind, the impact of non-native plants on native biota might better be measured in terms of food web impairment and/or loss of diversity in higher trophic levels than numbers of immediate plant extinctions.
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